as a laboratory animal were studied. This species is a copulatory ovulator, and most couples copulated 6 to 16 h after pairing. The gestation period varied from 18 to 22 days (mean ± SD: 20.6 ± 0.9, n=72), and the average litter size was 4.6 ± 1.9 (n=125). Compared with the litter size at the first parturition (3.6 ± 1.6, n=72), the litter size in the subsequent parturitions increased to 5.9 ± 1.4 (n=53). The animals exhibited postpartum estrus, and repeated pregnancy accompanied with suckling pups and parturition continuously in the laboratory condition unlike other vole species. In view of their complex stomach and good proliferation, the Russian voles were evaluated as a good laboratory animal, especially as a model animal for ruminant studies. Key words: continuous pregnancy, Microtus rossiaemeridionalis, reproductive features large domestic ruminants in the fields of animal science and veterinary medicine. Breeding in the laboratory has been successfully performed for several field voles, such as the common vole (M. arvalis) [16] , Japanese field vole (M. montebelli) [6, 7] , prairie vole (M. ochrogaster) [25] , tundra vole (M. oeconomus) [5] , meadow vole (M. pennsylvanicus) [4] , and montane vole (M. pinetorum) [17] . In this paper we examine the reproductive features of the Russian vole, M. rossiaemeridionalis which has been newly bred and
More than 60 species of voles, Microtus spp, inhabit the Northern Hemisphere, and most of them are serious pests of agricultural crops and zoonotic parasite carriers. From these standpoints their population structure has been subjected to detailed research in North America and Northern Europe [14, 24] . Among rodents, field voles are unique in having strong herbivorous features as characterized by a complex stomach and possession of cellulolytic bacteria [16] . Therefore, they are expected to be candidates for laboratory animal models of maintained in the laboratory.
The Russian voles (M. rossiaemeridionalis) used in this experiment originated from wild individuals captured in the Leningradskaya region, Russia, in 1995. They were bred and maintained in a laboratory in Novosibirsk, then introduced to Japan in 2000. All the animals examined were kept as pairs in 22.5 (l) × 33.8 (w) × 14.0 (h) cm polycarbonate transparent cages (CL-0104, CLEA, Tokyo) with wood shavings as bedding and nesting materials. They were fed commercial mouse pellets (CA-1, CLEA, Tokyo) and cubed hay. Food and water were provided ad libitum. The animal house was controlled with lighting conditions of 12 L (6:00-18:00) and 12 D (18:00-6:00) and a temperature of 25 ± 3°C. Eight-to 10-week-old males and females were used as breeding couples. After pairing, the couples were watched every 2 h for 24 h and every 4 h following 12 h, and copulation was confirmed by mounting of males. The females giving no birth within 60 days were culled as 'non-reproducing females' [30] . Gestation period was determined as the period from copulation to parturition, and the litter size was counted at parturition. The young were separated from the parents at about 20 days of age, before the next birth, so that there was no more than one litter of pups in each cage at any time. Parturition interval was counted as days between two successive parturitions. Postpartum mating was not examined, although mounting of males was recognized in some couples. Weaning was judged by feeding behavior and less maternal contact with pups. Infant mortality was calculated as the ratio of the number of dead young until weaning to the number of young born. Body weight was measured at parturition (0 day), 20 days and 6 weeks of age. Sexual maturity of females was estimated as the day of vaginal opening.
Most breeding couples of Russian voles copulated on the first day, in spite of fighting at the time of pairing. As a vaginal plug was not formed, the copulation was confirmed by watching the mounting behavior. The first copulation occurred at 6 to 16 h after pairing (mean ± SD: 11.8 ± 3.0, n=11) and subsequent copulations were repeatedly observed over a period of 24 h. Couples which did not copulate within 16 h did not copulate thereafter. The gestation period ranged from 18 to 22 days (mean ± SD: 20.6 ± 0.9, n=72) and there was no difference between the first and the subsequent pregnancies. It was thought that the variation in the gestation period might be due to the difference in ovulation time after coitus in individual females. In mice the length of the gestation period is influenced by litter size, i.e., the gestation period is elongated in pregnancies with small litter sizes, vice versa. However, the length of the gestation period of Russian vole seemed irrespective of the litter size, because a long gestation period was noted in pregnancies with large litter size, more than 4, and short periods in small litter sizes. In the continuous pairing, the female became pregnant while nursing, indicating postpartum estrus and coitus. They gave birth continuously, and the parturition interval ranged from 19 to 27 days (mean ± SD: 22.0 ± 1.7, n=48).
A total of 575 young were born in 125 parturitions. Litter sizes varied from 1 to 10 (mean ± SD: 4.6 ± 1.9, n=125), and a litter size of 4-6 was most frequently observed ( Fig. 1) . At the first parturition only one or two pups were born frequently so the litter size was smaller at the first parturition (3.6 ± 1.6, n=72) than in the subsequent parturitions (5.9 ± 1.4, n=53) as shown in Fig. 2 . The litter size reached its maximum at the seventh parturition and decreased thereafter. The pups were weaned at 12 to 25 days of age (16.7 ± 2.9, n=110). The infant mortality before weaning was 14.4%. The young died mostly within the first 5 days after birth. Sometimes, a body part was left as traces of cannibalism, as often seen in other laboratory rodents. It is unknown whether cannibalism happened before or after the death of pups. After 5 days of age, only a few young died until weaning. Table 1 shows body weight at birth from the first to fifth parturitions. Average body weight at birth was 2.3 ± 0.3 g (n=116), ranging from 1.4 to 3.2 g. The first parturition usually produced small pups, and the birth weight increased in the subsequent parturitions. In addition, a decrease in individual variation was observed after the third parturition ( Table 1 ). The average body weight at 20 days of age was 18.7 ± 3.6 g (range: 10.9-25.6, n=96). Body weight at 6 weeks of age was 30.3 ± 2.7 g (range: 25.4-35.6, n=49) in males and 25.0 ± 1.6 g (range: 20.2-29.2, n=46) in females. Sexual maturity of females was judged by vaginal opening, which was observed between 45-60 days of age (mean ± SD: 54.0 ± 3.5, n=28).
Among more than 60 species in genus Microtus, successful breeding in the laboratory has been reported in several species such as the common vole [16] , Japanese field vole [6, 7] , prairie vole [25] , tundra vole [5] , meadow vole [4] , and montane vole [17] . In spite of their vigorous proliferation in the natural habitats, captive voles and their descendants are less reproductive in laboratory conditions. The breeding colony of Russian voles (M. rossiaemeridionalis) examined in this study, however, exhibited excellent reproductive performance comparable to the commonly used laboratory rodents. The present study confirmed that the Russian vole is a copulatory ovulator and that a vaginal plug is not formed at copulation. Most of the couples copulated on the first day of pairing and repeated coitus over 24 h. The copulation in microtine rodents is generally confirmed by the presence of sperm in a vaginal smear. In this study, the copulation was confirmed by watching copulatory behavior, i.e., mounting by a male. Puberty in the female was judged by vaginal opening and estimated to be attained between 45-60 days of age. This is earlier than 77 days in M. pinetorum [29] , but later than M. pennsylvanicus [28] ranging 25-38 days. Table 2 summarizes the principal reproductive characteristics of some microtine species. The gestation period of the Russian vole ranged from 18 to 22 days (mean ± SD: 20.6 ± 0.9, n=72), comparable to the previous finding (20-21 days) in M. epiroticus [35] , which is considered to be the same species as M. rossiaemeridionalis. The period varied more than those of laboratory mice and rats. Generally, the gestation period of rodents is influenced by various factors such as ovulation time after coitus, litter size, population [11] , and exercise and body mass of mother [9, 35] . However, the gestation period of the Russian voles appeared to be irrespective of litter size, and seemed due to variation of ovulation time after coitus. The females became pregnant continuously after parturition and a maximum of nine consecutive parturitions was observed during 9 months. The parturition interval ranged from 19 to 27 days in the present study. Postpartum mating is quite common in microtine species [21, 26] , and the parturition interval is reported to vary individually in new world Microtus [11] . The variation in parturition interval is considered to depend on the variation in ovulation time at the postpartum estrous. The parturition interval in the Russian vole is shorter than that of M. savii [3] and M. pinetorum [29] as shown in Table 2 . The short parturition interval indicates a possibility that lactation may not cause delay in implantation in Microtus [10] and leads to continuous pregnancy, differing from other rodents such as mice, rats and Clethrionomys Table 1 . Body weight at birth in the first to fifth parturitions Parturition 1st 2nd 3rd 4th 5th
Mean ± SD (g) 2.24 ± 0.28 (50) 2.35 ± 0.31 (43) 2.50 ± 0.20 (10) 2.56 ± 0.22 (7) 2.73 ± 0.12 (6) Number in the parenthesis indicates number of young examined. glareolus [1] . Jemiolo [10] stated that longer parturition intervals are probably due to a lack of postpartum mating in the pine vole. The present research revealed great variation in litter size in Russian voles (range: 1-10). The average litter size was large compared with other captive Microtus, such as M. pinetorum [29] and M. savii [3] as shown in Table 2 . The litter size increased with the number of parturition times or maternal age, and the peak was seen at the seventh parturition (Fig. 2) . This finding agrees with a previous study on common field voles by Wojciechowska [34] . The small litter size of the first parturition (Fig. 2) seems to be due to insufficient development of reproductive organs in younger females.
The body weight of new born pups at the first and second parturitions was lighter than that in the third and subsequent parturitions ( Table 1 ). The weaning age of Russian voles ranged from 12 to 25 days of age, which is more variable than with 21 days in M. pinetorum [17] and 12-14 days in M. montanus [2, 18] , but earlier than in the bank vole, the young of which are weaned at 25 days of age [22] . The infant mortality before weaning was 14.4 %, and the death of young was mostly seen during the first 5 days of life, as reported for the bank vole [22] . These items also seem to be dependent on maternal reproductive ability. Oswald & McClure [23] stated that postpartum estrus and ensuing pregnancy concurrent with lactation are widespread among murine rodents. In the Russian vole, the postpartum estrus and ovulation are known to be induced by the presence of a male as in the prairie vole [8] . Moreover, Roberts et al. [27] reported that a prolonged mating period, longer than 12 h, increased the number of embryos. In this study the breeding couples were put together in the same cage continuously, so that the postpartum estrus could be induced by a male partner, and the ensuing continuous pregnancy seems to lead to a short lactation period and early weaning. The average body weights of 18.7 g at 20 days after birth and 30.3 g at 6 weeks of age were heavier those reported previously for the same species [35] .
The Russian field vole can be used as a model animal for ruminant studies as noted previously, and the breeding colony investigated in the present study is considered to have adapted successfully to the laboratory conditions with controlled lighting and temperature, and the food provided. Therefore, it is suitable for various biological experiments in the laboratory, and furthermore, it was evaluated as an useful laboratory animal by virtue of its excellent reproductive ability: continuous gestation, short parturition interval, relatively large litter size and low infant mortality.
